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Summary	
  of	
  work	
  and	
  key	
  findings	
  

The	
  Exis)ng	
  Consensus:	
  Hybrid	
  and	
  Electric	
  Vehicles	
  (H&EVs)	
  
as	
  climate	
  miOgaOon	
  technologies	
  in	
  China	
  and	
  India	
  are	
  
widely	
  dismissed	
  as	
  marginal	
  and	
  expensive.	
  However,	
  there	
  
are	
  very	
  few	
  studies	
  of	
  marginal	
  abatement	
  cost	
  of	
  carbon	
  
(MACC)	
  for	
  transportaOon.	
  The	
  few	
  studies	
  that	
  exist	
  do	
  not	
  
consider	
  real-­‐world	
  use	
  or	
  appropriate	
  vehicle	
  design.	
  

Our	
  findings:	
  When	
  you	
  consider	
  real-­‐world	
  fuel	
  efficiency	
  
and	
  appropriate	
  vehicle	
  design:	
  In	
  2030,	
  (1)	
  HEVs	
  are	
  a	
  “no-­‐
regret”	
  op)on	
  in	
  India	
  &	
  very	
  low	
  cost	
  in	
  China,	
  (2)	
  BEVs	
  are	
  a	
  
“no-­‐regret”	
  op)on	
  in	
  India	
  and	
  China,	
  (3)	
  HEVs	
  &	
  BEVs	
  are	
  a	
  
lower	
  cost	
  op)on	
  in	
  China	
  than	
  previous	
  es)mates	
  and	
  other	
  
measures	
  such	
  as	
  BRT	
  etc	
  and	
  (4)	
  Net	
  carbon	
  savings	
  result	
  
from	
  BEVs	
  even	
  if	
  the	
  grid	
  does	
  not	
  become	
  cleaner	
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Project	
  Context:	
  Clean	
  Energy	
  Ministerial	
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LBNL	
  is	
  the	
  lead	
  research	
  partner	
  for	
  EVI	
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Impacts	
  of	
  TransportaGon	
  in	
  India	
  and	
  China	
  

1.   High	
  congesGon	
  and	
  poor	
  public	
  transportaGon	
  -­‐>	
  
Very	
  low	
  average	
  trip	
  speeds	
  

2.   Very	
  poor	
  safety:	
  annual	
  road	
  accident	
  deaths	
  in	
  India	
  
are	
  the	
  highest	
  in	
  the	
  world	
  

3.  Major	
  cause	
  of	
  urban	
  air	
  polluOon	
  
4.  Major	
  contributor	
  to	
  each	
  country’s	
  oil	
  import	
  

dependence	
  
Greenhouse	
  Gases	
  (GHGs)	
  are	
  insignificant	
  today	
  (<	
  10%	
  

of	
  energy	
  related	
  GHGs	
  in	
  India	
  and	
  China)	
  
Given	
  this,	
  a	
  consensus	
  has	
  formed	
  regarding	
  the	
  best	
  
approach	
  to	
  clean	
  up	
  transportaOon	
  in	
  both	
  countries	
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Sustainable	
  TransportaGon	
  Policy	
  Paradigm	
  (A-­‐S-­‐I)	
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Improve	



Avoid	



Shift	



(A)void increases in 
demand for travel	


	


(S)hift travelers to the 
most efficient modes	


	


(I)mprove vehicle 
technology (fuel 
efficiency, alternative 
fuels, advanced 
vehicles)	



Dominant opinion: An almost exclusive 
Avoid-Shift focus is optimal for India/
China	





Problems	
  with	
  A-­‐S	
  Focus:	
  The	
  Car-­‐Wealth	
  Nexus	
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Figure 3.  Illustrative Gompertz function and its implied income elasticity 
 

 
     

                    

 
Shown in Figure 4 are the historical ratios of vehicle ownership growth to per-capita 
income growth (which approximates the income elasticity), compared to the countries’ 
average level of per-capita income (for the largest countries, with population above 20 
million in 2002).  Also graphed is the income elasticity of vehicle ownership for our 
illustrative Gompertz function.  One can observe the pattern across countries of the 
income elasticity increasing at the lowest levels of per-capita income, then peaking in the 
per-capita income range of $5,000 to $10,000, followed by a gradual decline in the 
income elasticity at higher income levels. 
 
Figure 4. Historical Ratios of Vehicle Ownership  Growth to Income Growth,  

by Levels of per-capita Income:1960-2002

Source: Dargay et 
al (2007) 

Explosive growth begins between $8K-$10K per capita HH income 
(PPP adj) (Dargay et al 2007)	





The	
  Car-­‐Wealth	
  Nexus:	
  AspiraGons	
  of	
  the	
  Middle	
  Class	
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Figure 8.  Long-run Gompertz Functions for Six Selected Countries, and the 
Implied Income Elasticity of Vehicle Ownership 

Source: Dargay et al (2007) 

According to these 
projections, by 2030, 
Vehicle ownership per 
1000 people will be: 
 
China ~ 269 (74) 
India ~ 110 (17) 
Indonesia ~ 166 (69) 
 
Transportation sector 
GHG emissions growth 
rate to 2040 ~ 6% per 
year for China/India 

China and India are still below lift-off HH income levels. China 
will get there in 2020s, India in early 2030s	





The	
  Opportunity?	
  Leapfrogging	
  

•  Rapidly	
  growing	
  fleet	
  implies	
  a	
  “no	
  replacements”	
  
approach	
  will	
  yield	
  substanOal	
  GHG	
  and	
  energy	
  savings	
  

•  However,	
  investment	
  in	
  advanced	
  vehicles	
  and	
  
alternaOve	
  fuels	
  must	
  begin	
  today	
  

•  Improving	
  transportaOon	
  technologies	
  must	
  be	
  a	
  very	
  
important	
  focus	
  in	
  China	
  and	
  India	
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Carbon	
  Abatement	
  &	
  Costs	
  of	
  Advanced	
  Vehicles	
  

•  Our	
  focus:	
  Advanced	
  technology	
  vehicles	
  –	
  hybrid	
  and	
  
ba(ery	
  electric	
  vehicles.	
  	
  
o  Fuel	
  efficiency	
  improvements	
  in	
  convenOonal	
  vehicles	
  are	
  

widely	
  known	
  to	
  be	
  very	
  cost-­‐effecOve	
  with	
  substanOal	
  
savings	
  potenOal.	
  Hence	
  we	
  don’t	
  focus	
  on	
  this	
  
straighgorward	
  case.	
  

•  The	
  popular	
  metric	
  we	
  model	
  is	
  called	
  the	
  MACC	
  Curve	
  
o  Marginal	
  Abatement	
  Cost	
  of	
  Carbon	
  (MACC)	
  of	
  given	
  

technology	
  ($	
  invested/ton	
  GHGs	
  saved)	
  (y-­‐axis)	
  
o  Carbon	
  abatement	
  potenOal	
  in	
  2030	
  of	
  given	
  technology	
  (x-­‐

axis)	
  
o  Goal:	
  PrioriOze	
  climate	
  miOgaOon	
  acOons	
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Method	
  to	
  the	
  MACCness!	
  (y-­‐axis)	
  

•  Incremental	
  manufacturing	
  cost	
  (Source:	
  NAS	
  Report)	
  
•  Annual	
  operaOng	
  cost	
  savings	
  =	
  Annual	
  ICEoperaOng	
  cost	
  –	
  Annual	
  

HEVoperaOng	
  cost	
  OR	
  BEVoperaOng	
  cost	
  	
  
•  Annual	
  operaOng	
  cost	
  for	
  BEV	
  =	
  	
  
•  Terms	
  that	
  are	
  Ome	
  variable	
  in	
  MACC:	
  

o  Numerator:	
  Oil	
  price	
  (we	
  use	
  the	
  low	
  scenario	
  from	
  IEA),	
  
marginal	
  cost	
  of	
  electricity	
  generaOon,	
  annual	
  VMT,	
  
incremental	
  manufacturing	
  cost,	
  vehicle	
  fuel	
  economy	
  (Wh/
km	
  and	
  L/km).	
  

o  Denominator:	
  grid	
  emissions	
  factors,	
  annual	
  VMT,	
  vehicle	
  
fuel	
  economy.	
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Method	
  to	
  the	
  MACCness!	
  (x-­‐axis)	
  

Total	
  GHG	
  abatement	
  potenOal	
  for	
  2030	
  for	
  each	
  vehicle	
  
technology	
  is	
  calculated	
  as	
  follows:	
  
	
  
	
  

•  For	
  HEV	
  and	
  BEV	
  fleet	
  growth	
  rates	
  we	
  use	
  “announced	
  
policies”	
  in	
  both	
  India	
  and	
  China	
  

•  Many	
  studies	
  calculate	
  abatement	
  potenOal	
  simply	
  by	
  assuming	
  
that	
  a	
  certain	
  share	
  of	
  new	
  sales	
  going	
  forward	
  will	
  be	
  the	
  
vehicle	
  technology	
  of	
  interest	
  (BEVs	
  and	
  HEVs)	
  

•  Hence,	
  ours	
  is	
  a	
  definite	
  lower	
  bound	
  abatement	
  potenGal	
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Summed	
  from	
  previous	
  years	
  to	
  
target	
  year	
  



TransportaGon	
  MACC	
  Literature	
  

•  There	
  are	
  very	
  few	
  MACC	
  studies	
  for	
  India	
  and	
  China	
  
o  McKinsey	
  studies	
  for	
  both	
  countries	
  are	
  the	
  original	
  MACC	
  

analyses	
  
o  Others	
  are	
  more	
  recent	
  

•  Most	
  studies	
  show	
  that	
  hybrid	
  and	
  electric	
  vehicles	
  have	
  
a	
  high	
  marginal	
  abatement	
  cost	
  in	
  India	
  and	
  China	
  and	
  
fairly	
  limited	
  overall	
  abatement	
  potenOal	
  
o  They	
  mostly	
  support	
  the	
  stance	
  of	
  Avoid-­‐Shin	
  only	
  

proponents	
  

•  None	
  of	
  the	
  studies,	
  however,	
  consider	
  real-­‐world	
  fuel	
  
efficiency	
  and	
  appropriate	
  ba(ery	
  sizing	
  based	
  on	
  actual	
  
travel	
  behavior	
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Real-­‐World	
  Fuel	
  Efficiency	
  Modeling	
  -­‐	
  Autonomie	
  
	
  

Autonomie	
  Simula-on	
  for	
  Fuel	
  Economy	
  and	
  GHG	
  emissions	
  -­‐>	
  Marginal	
  
Abatement	
  Cost	
  Model	
  

Powertrain 
Controller 

Propulsion Controller 
 

Brake Controller 

Example: 
Power-split hybrid 
model (Autonomie) 

Models were validated before 
applying them for Indian & 

Chinese cases 

Engineering	
  Results	
  in	
  Interna)onal	
  Journal	
  of	
  Powertrains	
  and	
  Applied	
  Energy	
  



Real-­‐world	
  Driving	
  Cycle	
  Data	
  

•  Used	
  published	
  literature	
  for	
  both	
  countries	
  (3	
  Indian	
  
metropolitan	
  regions	
  and	
  11	
  Chinese	
  large	
  ciOes)	
  

•  Used	
  smart	
  phones	
  as	
  speed-­‐Ome	
  sensors	
  in	
  Indian	
  
ciOes	
  only	
  -­‐	
  primarily	
  as	
  a	
  sanity	
  check	
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India	
  HEV	
  &	
  BEV	
  MAC	
  Curve	
  

•  Compared	
  to	
  
McKinsey	
  (2009)	
  
o  2030	
  MAC	
  for	
  HEVs	
  

and	
  BEVs	
  >	
  €100	
  (~
$120)/ton	
  CO2	
  

o  Total	
  abatement	
  
potenOal	
  =	
  6	
  Mt	
  
CO2e	
  

McKinsey	
  (2009).	
  Environmental	
  and	
  Energy	
  Sustainability:	
  An	
  Approach	
  for	
  India.	
  h(p://www.mckinsey.com/~/media/McKinsey/dotcom/
client_service/Sustainability/cost%20curve%20PDFs/Environmental_Energy_Sustainability.ashx	
  	
  	
  

18	
  

2030	
  Marginal	
  Abatement	
  Cost	
  Curve	
  for	
  India	
  
HEVs,	
  BEVs	
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China	
  HEV	
  &	
  BEV	
  MAC	
  Curve	
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2030	
  Marginal	
  Abatement	
  Cost	
  Curve	
  for	
  China	
  
HEVs,	
  BEVs	
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China	
  MAC	
  Curve	
  –	
  Compared	
  to	
  McKinsey	
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2030	
  Marginal	
  Abatement	
  Cost	
  Curve	
  for	
  China	
  
HEVs,	
  BEVs	
  	
  

McKinsey	
  (2009).	
  China’s	
  Green	
  RevoluOon:	
  PrioriOzing	
  Technologies	
  to	
  Achieve	
  Energy	
  and	
  Environmental	
  Sustainability.	
  file:///C:/Users/
mwi(/Downloads/china_green_revoluOon%20(1).pdf	
  

Our study shows that LDV pure 
electric can have negative MAC in 
2030. 
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China	
  –	
  compared	
  to	
  other	
  carbon	
  saving	
  measures	
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2020	
  MAC	
  Curve,	
  Other	
  Transport	
  Measures	
  in	
  China	
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Emissions savings in 2020 (million tons CO2) 

Engine technology 
(e.g., variable valve lift and 
timing, engine accessory 
improvement, variable 
compression ratio,) 

      -$236/ton CO2 

Transmission 
Technology 
(e.g.,	
  automaOc	
  
transmission	
  with	
  
aggressive	
  shin	
  logic)	
  
	
  -­‐$122.2/ton	
  CO2	
  
	
  

Vehicle Technologies 
(rear-front) 
(e.g., aerodynamics, low resistance 
tires, weight reductions) 

               -$105.7/ton CO2 

Bus Rapid Transit 
	
  	
  	
  	
  	
  	
  	
  	
  $35.43/ton	
  CO2	
  
	
  

Fuel Switch 
(from gas and diesel to 
LPG and CNG) 
	
  	
  	
  	
  $326.4/ton	
  CO2	
  
	
  

Our calculated MAC for BEVs  
(-$351/ton CO2) indicates that 
these vehicles could be prioritized 
with (or even before) all measures 
considered in this study.  Also, 
carbon mitigation potential for 
BEVs & HEVs is larger than BRT or 
fuel switching as found here. 

Wang,	
  C.,	
  Cai,	
  W.,	
  Lu,	
  X.,	
  &	
  Chen,	
  J.	
  (2007).	
  CO2	
  miOgaOon	
  scenarios	
  in	
  China’s	
  road	
  transport	
  sector.	
  Energy	
  Conversion	
  and	
  Management,	
  48(7),	
  
2110-­‐2118.	
  



India	
  –	
  25%	
  cleaner	
  grid,	
  MACC	
  curve	
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With a 25% cleaner grid, India’s BEV MAC moves closer to zero and CO2 abatement 
potential increases. 

Original	
  EsOmate	
   25%	
  “Cleaner”	
  Grid	
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China	
  –	
  25%	
  cleaner	
  grid,	
  MAC	
  curve	
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Original	
  EsOmate	
   25%	
  “Cleaner”	
  Grid	
  

Similar to our observation with India, a 25% cleaner grid moves MAC values move closer to 
zero. CO2 abatement increases as g CO2/kWh decrease. 
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Policy	
  ImplicaGons	
  of	
  the	
  Results	
  

•  HEVs	
  are	
  a	
  “no-­‐regret”	
  climate	
  miOgaOon	
  opOon	
  in	
  India	
  
and	
  very	
  low	
  cost	
  in	
  China	
  

•  BEVs	
  are	
  a	
  “no-­‐regret”	
  climate	
  miOgaOon	
  opOon	
  in	
  both	
  
countries	
  in	
  2030	
  	
  

•  BEVs	
  benefit	
  the	
  climate	
  even	
  in	
  the	
  current	
  coal-­‐intensive	
  
grid	
  but	
  they	
  would	
  contribute	
  a	
  lot	
  more	
  in	
  a	
  cleaner	
  grid	
  

HEVs	
  and	
  BEVs	
  are	
  beeer	
  for	
  the	
  climate	
  in	
  real-­‐world	
  use	
  in	
  
China	
  and	
  India	
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Part	
  2	
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How	
  do	
  we	
  increase	
  EV	
  adopOon	
  in	
  India	
  
and	
  China?	
  

	
  
Many	
  policies	
  will	
  be	
  necessary.	
  

	
  
Investment	
  in	
  Public	
  Charging	
  
Infrastructure	
  will	
  be	
  criOcal	
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•  ObjecOve	
  
–  Develop	
  a	
  model	
  that	
  can	
  be	
  

used	
  by	
  anyone	
  to	
  opOmally	
  
rollout	
  EVSE	
  with	
  increasing	
  EV	
  
penetraOon	
  	
  

–  Apply	
  the	
  model	
  to	
  New	
  Delhi	
  to	
  
assist	
  India’s	
  EV	
  Mission	
  

•  Methodology	
  
–  Agent-­‐based	
  model	
  capable	
  of	
  

resolving	
  the	
  behavior	
  of	
  
individual	
  EV	
  drivers	
  based	
  on	
  
real	
  mobility	
  behavior	
  in	
  the	
  
region	
  

–  Site	
  EVSE	
  to	
  serve	
  all	
  EV	
  drivers	
  in	
  
a	
  region	
  at	
  least	
  cost	
  

EV	
  Charging	
  StaGon	
  Infrastructure	
  Planning	
  –	
  New	
  Delhi	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Agent-­‐Based	
  Modeling	
  Approach	
  
•  Create	
  virtual	
  environment	
  

–  Road	
  network	
  
–  Charging	
  Infrastructure	
  
	
  

•  Create	
  agents	
  that	
  interact	
  with	
  
the	
  environment	
  according	
  to	
  a	
  
set	
  of	
  rules	
  

–  EV	
  Drivers	
  
	
  

•  Observe	
  what	
  happens	
  
–  Can	
  they	
  complete	
  their	
  trips?	
  
–  Are	
  they	
  on	
  Ome?	
  
–  When	
  and	
  where	
  are	
  chargers	
  	
  

used?	
  

Plug-­‐In	
  Electric	
  Vehicle	
  Infrastructure	
  (PEVI)	
  Model	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Example	
  SimulaGon	
  

A	
  Sample	
  New	
  Delhi	
  SimulaGon	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
  

ResidenOal	
  
Level	
  1	
  
Level	
  2	
  
Level	
  3	
  	
  
	
  
Delayed	
  
Stranded	
  

Charging	
  Events	
  

Driver	
  Inconvenience	
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Results	
  for	
  Base	
  Case	
  

OpGmizaGon	
  Convergence	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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New	
  Delhi	
  EVSE	
  Layout	
  –	
  Base	
  Case	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
  

Level 1 Charger

Level 2 Charger

DC Fast Charger

Legend

Regional	
  Total	
  

Regional	
  DistribuGon	
  

Results:	
  Base	
  Scenario	
  
1%	
  Fleet	
  PenetraGon	
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Number,	
  Capacity	
  and	
  Cost	
  of	
  Chargers	
  

New	
  Delhi	
  EVSE	
  –	
  Base	
  Case	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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EVSE	
  Cost	
  per	
  Vehicle	
  

New	
  Delhi	
  EVSE	
  -­‐	
  Base	
  Case	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Impact	
  of	
  Access	
  to	
  Charging	
  at	
  Home	
  

Access	
  to	
  Home	
  Charging	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Impact	
  of	
  Vehicle	
  Class	
  

Vehicle	
  Baeery	
  Capacity	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Impact	
  of	
  Value	
  on	
  Driver	
  Time	
  

High	
  Range	
  Anxiety	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Impact	
  of	
  CongesGon	
  and	
  A/C	
  Load	
  

High	
  Traffic	
  CongesGon	
  and	
  A/C	
  Load	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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Conclusion	
  

•  Excellent	
  Public	
  EV	
  Charging	
  service	
  can	
  be	
  provided	
  at	
  a	
  
cost	
  of	
  ~$170	
  per	
  EV	
  for	
  1%	
  penetraOon	
  in	
  New	
  Delhi	
  
o  Low	
  daily	
  trip	
  ranges	
  imply	
  that	
  Level	
  1	
  chargers	
  are	
  mostly	
  

sufficient	
  
o  There	
  is	
  li(le	
  need	
  for	
  DC	
  Fast	
  Chargers	
  and	
  no	
  need	
  for	
  

Ba(ery	
  Swapping	
  staOons	
  
o  Even	
  high	
  range	
  anxiety	
  does	
  not	
  change	
  these	
  results	
  much	
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Backup	
  Slides	
  



How	
  do	
  these	
  compare	
  to	
  California?	
  



PEVI	
  –	
  Current	
  Model	
  AssumpGons	
  

§  Drivers do: 
§  Attempt all of their daily trips 

§  Include a factor of safety in their range estimations (10%) 
§  Have a home and a charger at home 

§  Charge if they need it and sometimes if they don’t (randomly with 
probability increasing as SOC decreases) 

§  Include neighboring and en-route zones in their list of candidate 
charging sites, but only if desperate for charge (1 hour threshold) 

§  Choose the charging option that minimizes their cost���
 

§  Drivers do not: 
§  Attempt unreasonable trips in a BEV (they are assigned a PHEV instead) 

§  Block EVSE when the vehicle reaches a full SOC 



Traveling

Not Charging

Depart

Need to 
Charge?

Yes

No

Need to 
Charge?

YesNo

Start

Arrive End Charge

Seek Charger

Found

Not Found

Charging

Retry Seek

Retry 
Seek

Stop

PEVI	
  –	
  Current	
  Model	
  	
  
CharacterisGcs	
  
§  Drivers are modeled as a finite 

state machine with three 
states: 
§  Not charging 

§  Charging 

§  Traveling 

§  Transitions between the states 
are referred to as 
“events” (yellow boxes) 

§  Most events involve decisions 
(diamonds) that dictate which 
state is entered next 

§  Events are scheduled ahead of 
time by the drivers themselves 
as they enter a state 



PEVI	
  –	
  Data	
  Flows	
  

Itinerary 
Development

National Household 
Transportation Survey

PEV Penetration (%)

Greater Eureka Area 
Travel Demand Model

GIS Road 
Network

Routing

Travel Distances 
and Times

Driver 
Itineraries

Travel Analysis 
Zones

EVSE Scenario

Vehicle Characteristics
(Battery Capacity, 

Fuel Economy, 
BEV / PHEV ratio)

PEVI 
(Agent-Based 

Model)

Charger Characteristics 
(power capacity, cost)

Trips, Charging 
Sessions, Experiences 

of inconvenience

Spatial Weighting 
of PEV Adoption

Vehicle Registration 
Data (2003-2012)

Parcel Level 
Land Use Data

PEV Adoption by 
Zone



PEVI	
  –	
  OpGmizing	
  Infrastructure	
  

•  Begin	
  with	
  current	
  infrastructure	
  
	
  

•  Test	
  impact	
  on	
  driver	
  inconvenience	
  (e.g.	
  %	
  drivers	
  with	
  delay	
  >	
  
3	
  hours)	
  of	
  placing	
  level	
  1,	
  2	
  or	
  level	
  3	
  charger	
  in	
  every	
  possible	
  
locaOon	
  

•  Place	
  next	
  charge	
  in	
  locaOon	
  and	
  of	
  type	
  that	
  minimizes	
  the	
  
marginal	
  cost	
  of	
  reducing	
  inconvenience	
  
	
  

•  ConOnue	
  unOl	
  inconvenience	
  is	
  unchanged	
  by	
  placement	
  of	
  
another	
  charger	
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Delays	
  and	
  Strandings	
  

New	
  Delhi	
  EVSE	
  
(Collaborator:	
  Schatz	
  Energy	
  Research	
  Center,	
  Humboldt	
  State	
  University)	
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